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Keisuke Kanamori* : Studies on the sterility and size variation 
of spores in some species of Japanese Dryopteris 
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(Plates XIV-XVII) 

Up to this time, there have been few reports on the variation of spore 
size, though the variation of spore shape was reported in the putative 
hybrids. Daigobo (1967) had compared and discussed the differences of spore 
size of the normal species with that of the apogamous ones and the putative 
hybrids described by Kurata (1964) in the genus Polystichum in Japan. 
Wagner and Chen (1965) described the variation of spore size and shape in 
the same sporangium and detected that they should be the putative hybrids 
in the genus Dryopteris. in U.S. A.. In this study, the author observed the 
variation of spore size of twenty-eight species belonging to Dryopteris. Ad¬ 
ditionally he calculated the ratio of aborive spores in each sporangium of 
the apogamous species in order to study how they were brought about. The 
author would like to express his sincere thanks to Prof. H. Ito for his va¬ 
luable advice during this study. 

Materials and Methods. The spores used for this observation were 
collected directly from the fronds in nature, not from the herbarium speci¬ 
mens, and they were fixed with Canada balsam. Except the evident abortive 
spores, two hundred viable spores were measured at random in each slide. 
The longest diameter of exospore was measured at the magnification of 400 
times. Usual aceto-carmine squash technique was carried out for the obser¬ 
vation of the abortive spores in a sporangium. Two hundred sporangia were 
observed in each sample. 

Observation and Discussion. The variation curves of spore size show 
evident difference between those of the normal species and the apogamous 
ones. Seeing the Fig. 1, it is obvious that the graphs of the normal species 
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have steeper inclinations and narrower ranges than those of the apogamous 
ones. It is clear that the difference of the spore size between the maximum 
and the minimum one is less than 15.0/; in the normal species and is more 
than 22.5// in the apogamous ones (Table 1). The range of variation in the 
apogamous species resembles those of the hybrids which shown by other 
investigators. Such differences are also reported between the normal species 
and the putative hybrids in Dryopteris by Wagner and Chen (1965) and in 
Polystichum by Daigobo (1967). They described about the characteristics of 
abortive spores of hybrids that the variation ranges of size were broad, 
with great numbers of uncommonly large and small spores in size; not 
typical “ bean-shaped ” but shperical, twisted or aggregative and so on in 
shape; and opaque and dark in color. Abortive spores of the apogamous 
species, however, did not indicate such characteristics in this study as well 
as those of Polystichum (Daigobo, 1967). They are typically “bean-shaped” 
spores and transparent. It was very convenient for observation of the exo¬ 
spores. 

As shown in Table 1, the increment of spore size in this genus seems 
to have some connections with that of ploidal level of spore, especially in 
the couple of the related species. Such couples found in this study are as 
follows : Couple A : D. tokyoensis (1-pl.) 35.5/; and D. atrata (3—pi. apog.) 
45.1/;; Couple B: D. lacera (1-pl.) 30.6/; and D. uniformis (2—pi.) 36.4/;; 
Couple C: D. hayatae (1-pl.) 36.3 jj, and D. sparsa (2—pi.) 42.0/;; Couple D : 
D. gymnophylla (1-pl.) 36.8/; and D. chinensis (3-pl. apog.) 48.7/;; Couple E: 
D. kinkiensis (2—pi.) 38.6/; and D. championii (3-pl. apog.) 45.5/;. Consider¬ 
ing from these couples, it might be said that the large difference of ploidal 
level of spore is parallel to the difference of spore size without exceptions, 
in these cases. For instances, in the couples of normal species and the 
apogamous one, the difference of one ploidal level (Couple E) was about 7 ft 


Fig. 1. Variarion curves of spore size in Dryopteris. Vertical axis: Numbers of spores. 

Horizontal axis: Numbers of graduations of micrometer (1 division 3.75/;). 

1. D. sieboldii. 2-1. D. tokyoensis. 2-2. D. atrata. 2-3. D. commixta. 3. D. monticola. 
4. D. austriaca. 5-1. D. crassirhizoma. 5-2. D. uniformis. 5-3. D. lacera. 6-1. D. sabaei. 

6- 2. D. hayatae. 6-3. D. sparsa. 7-1. D. gymnophylla. 7-2. D. chinensis. 7-3. D. saxi- 
fraga. 7-4. D. bissetiana. 7-5. D. Pacifica. 7-6. D. sacrosancta. 7-7. D. varia. 7-8. D. 
sordidipes. 7-9. D. nipponensis. 7-1Q.-D. erythrosora. 7-11. D.fuscipes. 7-12. D. kinkiensis. 

7- 13. D. championii. 7-14. D. hondoensis. 7-15. D. formosana. 7-16. D. gymnosora. 
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Table 1. Size and ploidy of spore in Dryopteris. 
Abbreviation a : apogamous 


Name of species 

Ploidy of 
species 

Ploidy of 
spore 

Size of 
spore 

Difference 
(Max. & Min,) 

Dryopteris 





sieboldii 

2 -pi. a. 

2 -pi. 

38. 8 a 

27. 5fx 

tokyoensis 

2-pi. 

1 -pi. 

35. 6 

11.2 

atrata 

2-pl. a. 

3 -pi. 

45.1 

33.8 

commixta 

44.5 

33.8 

monticola 

to 

1 

1 -pi. 

32.0 

11.2 

austriaca 



38.0 

15.0 

crassirhizoma 

2 -pi. 

1 -pi. 

33.8 

15.0 

uni for mis 

l-pl. 

2 -pi. 

36.4 

11.2 

lacera 

2 -pi. 

l-pl. 

30.6 

7.5 

sabaei 

2 -pi. 

1 -pi. 

37.5 

11.2 

hayatae 

2 -pi. 

l-pl. 

36.3 

11.2 

sparsa 

4 -pi. 

2 -pi. 

42.0 

11.2 

gymnophylla 

2 -pi. 

l-pl. 

36.8 

7.5 

chinensis 

2-pl. a. 

3 -pi. 

48.7 

22.5 

saxifraga 

40.5 

15.0 

bissetiana 

1 

CO 

3 -pi. 

47.6 

30.0 

pacifica 

48.8 

30. 0 

sacrosancta 



53.5 

30.0 

varia 

2 - pi. a. 

3 - pi. a. 

2 -pi. 

3 -pi. 

46.7 

30.0 

sordidipes 

2 -pi. 

l-pl. 

39.0 

15.0 

nipponensis 

2 - pi. a. 

3 - pi. a. 

2 -pi. 

3 -pi. 

51.2 

33.8 

erythrosora 

2 - pi. a. 

3 - pi. a. 

2 -pi. 

3 -pi. 

49.4 

41.2 

fuscipes 

2 -pi. a. 

2-pl. a. 

2 -pi. 

2-pl. 

47.1 

41.2 

kinkiensis 

l-pl. 

2 -pi. 

38.6 

11.2 

championii 

2 - pi. a. 

3 - pi. a. 

2-pl. 

2-pl. 

45.5 

33.8 

hondoensis 

2 - pi. a. 

3 - pi. a. 

2-pl. 

2-pl. 

47.1 

41.2 

formosana 

2 - pi. a. 

3 - pi. a. 

2-pl. 

2-pl. 

51.2 

37.5 

gymnosora 

2 - pi. a. 

3 - pi. a. 

2-pl. 

2-pl. 

46.6 

33.8 
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and that of two ploidal level (Couple A and D) was some 10«. On the other 
hand, the difference of one ploidal level (Couple B and C) was almost 6^ in 
the couples of the normal species only. Mitui (1967) reported similar situa¬ 
tion in the couple of D. lacera and D. uniformis (Couple B of this study). 
According to him D. uniformis has larger spores than D. lacera. He discussed 
the interrelation of those species by some characters of them and concluded 
that D. uniformis should be an autotetraploid derived from D. lacera. More¬ 
over, he described some couples of putative autopolyploidal species from the 
morphological and cytological characters (Mitui, 1968). Couples C and D 
are contained within that description. From the situations of such couples 
it would be said that the other couples in this study may be autopolyploidal 
series. 

When a young sporangium is squashed, thirty-two young spores are 
observed in it in the apogamous species. The author observed two hundred 
•sporangia per an individual plant. Also he investigated the process and the 
■causes of the appearance of the abortive or sterile spores. In this observa¬ 
tion of young spores, three types of abortive or sterile spores were noticed. 
They are as follows : 1) Dwarf and shrunken type; This type of abortive 
spores were very tiny and shrunken. They had already shown wrinkled 
membranes on them while the nuclei are observed distinctly in the other 
viable large spores which are contained in the same sporangium (PI. XIV-1). 
This type of abortion was encountered most frequently and most numerously 
in these three types in this study. This type also was reported in the 
normal species and the hybrids. 

2) Irregularly dividing type; it seems that this type of abortion had 
brought from the last cell division which is not carried out under normal 
conditions during the sporogenesis. These conditions are not yet known. 
The spores formed in the sporangium in this case showed various sizes and 
shapes, even the trilete spores could be seen in an extreme case. This type 
was observed in some species in the group of D. varia and D. erythrosora. PI. 
XIV-2 and PI. XV-3 indicate the spores in one sporangium of D. sacrosancta 
and D. hondoensis, respectively. It is quite easy to receive some irregular 
divisions in these photos. Many fragments of spores show various degrees 
of sizes and shapes. Interesting one is the young spores of trilete-like form 
(See arrows in PI. XIV-2). In PI. XV-4, it could be counted 33 spores at the 
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first glance, but it should be 32 spores because the young two spores (trilete 
like), seen in the middle of this photo, were brought about from the redivi¬ 
sion. Because the size of these smaller spores was almost half of the other 
larger ones, but the sum of them is almost equal size that of the rests. 
PI. XVI-5, D. sacrosancta, also shows similar situation. Another figure of 
D. hondoensis (PI. XVI-6) is a part of spores from a same sporangium. 
Three lumps of the tetrads show crumpled portions on the surface of each 
spore and their fragments. 

Manton (1950) had described four types of spore formation in the apo- 
gamous species. In her third account on sporogenesis, she had described as 
follows: “ The nuclei, after loss of spindle, may become irregularly lobed, 
cell walls partially crossing the cell may be laid down, often in relation to 
such lobes, and sometimes complete cleavages into two unequal portions 
containing different-sized pieces of the restitution nucleus may result.”, and 
“Since the distribution of chromosomes to the constricted portions is cer¬ 
tainly at random the nuclei so formed can hardly fail to be genetically 
unbalanced, and abortion of the resulting spores is therefore virtually certain.” 
It is regretful that the author had no chance of observing of irregularly 
distributed chromosomes at meiosis in Dryopteris, though he found some 
such situations in the apogamous species of Cyrtomium, Phegopteris and 
Athyrium. The second type of abortion described in this study is similar to 
that of Manton’s account on the unbalanced genetical condition. However, 
it is very different from the time when the Manton’s case took place. It 
seems that the second type of abortion may be resulted from some unknown 


Table 2. Abortion of spores 


Species of Dryopteris 





Numbers of abortive 

spores 

1 

2 

3 

4 

5 6 

8 

10 

12 

14 

16 

20 

D. atrata 


7 

17 


28 

12 

20 

3 

5 


3 

4 

D. chinensis 


12 

11 


21 


4 


2 




D. pacifica 


10 

21 

2 

33 

2 6 

9 


2 



2 

D. fuscipes 


12 

22 


32 

6 

15 

3 

5 


6 

3 

D. championii 


13 

23 

2 

15 


7 





3 

D. hondoensis 


14 

17 

5 

28 

7 

12 

6 

10 

2 

9 

4 
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conditions at the last two mitosis after the meiosis. It is well known that 
the cell divison is affected by sudden change of environmental factors of 
nature. However, in this case it seems that the abortion of spore is not 
always ascribed to the environmental changes, but genetical condition may 
,be involved in the abortion of spores. Further studies are expected to 
research these factors on the abortion. 

3) Imperfectly dividing type; this type of abortive or sterile spores ap¬ 
pears the various conditions that the smaller spore is budding from the 
larger one, like the yeast (PI. XVII-7, 8). In the other aggregations, spores 
•of almost equal size are connected at various degrees, and show the shape 
like gourd (PI. XVII-9). This type of abortive spores were observed in all 
.species in this study. Not only one type, but two or all of three types are 
found frequently in same sporangium in many samples (PI. XIV-1). It is 
known that the above mentioned three types are not the artifacts on the 
basis of the observation of similar three types in the matured spores which 
.are collected from the field specimens. ■ 

The numbers of the abortive spores in a sporangium show an interesting 
result that the even numbers appear more frequently, especially the multiples 
■of four, than the odd numbers in every species studied. The most frequent 
number observed was four in most species. It was observed in most case 
that all four spores from one spore mother cell became abortive (PI. XIV-1). 
The occurrence of the odd number of abortive or sterile spores might be 
irom the second or third type of abortion in many cases. However, the 
third type is more frequent than the second type. Though the appearance 


in apogamous species. 


per sporangium 

abortive 

sporangia 

abortive 

spores 

22 

24 

25 26' 

28 

30 

32 

4 

5 


3 


9 

60% 

18. 6% 





2 


4 

28- 

5.6 


1 

5 

2 

5 

2 

32 

67 

27.7 



3 


4 


12 

61.5 

18.0 



4 

2 

3 

1 

16 

44.5 

15.9 


6 

7 

5 

6 

4 

7 

74.5 

26.3 
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samples showed high percent, it did not always show the accurate ratio of 
abortion and sterility because the various numbers of abortive or sterile spores- 
were contained in each sporangium. In order to obtain the exact ratio of abor¬ 
tion and sterility, that of abortive or sterile spores to all the observed spores, 
were calculated in every species (Table 2). These values are less than those 
of the sporangia in every species. The ratio of abortion and sterility seems- 
to reveal the interrelation to the range of variation curve of spore size. 
For example, the abortion and sterility ratio of D. chinensis which has nar- 


Fig. 2. Prothallium which bring about apogamous embryo. 

1-3. D. chinensis. 4. D. bissetiana. 1. Irregular-shaped prothallium on which apogamous 
embryo is developing (See arrow.). X16.5. 2. Magnified embryo of 1. xl65. 3. Heart-shaped 
prothallium on which apogamous embryo is developing. X16.5. 4. Large heart-shaped 

prothallium, x 16.5. 
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rower range of variation (Fig. 1, 7-2) is lower than those of the other species 
of D. varia- and D. erythrosora- group which have broader ranges of varia¬ 
tion. On the prothallia of some apogamous species, the occurrence of apoga- 
mous embryos were very different from species to species. Large numbers 
of apogamous embryos might be come out in a definite species, D. chinensis 
(Kanamori, 1967), and few numbers are found in the other species of D. 
varia- and D. erythrosora- group. In the former species apogamous embryos 
were brought about not only from large and heart-shaped prothallia but also 
from small and irregular-shaped ones (Fig. 2, 1-3). However, it is very in¬ 
teresting that in the latter ones the apogamous embryos developed only from 
the large and heart-shaped prothallia (Fig. 2-4). It would be said that the 
appearance of irregular-shaped ones in D. chinensis were ascribed not always 
to the genetical condition but to some physiological ones during the cultiva¬ 
tion. On the other hand, it should be said that some of irregular-shaped 
prothallia of the other species were resulted from the genetical condition in 
many cases (PI. XIV~XVII). Ito (1939) had described the species of Dryo- 
pteris, in Japan, Ryukyu and Formosa. He classified them into five Sections. 
His Sections and Subsections involved in this study as follows : 

1. Sect. Eudryopteris H. Ito 

1) Subsect. Dichasium H. Ito (Fig. 1, 5-l~5-3) 

2) Subsect. Cycadinae H. Ito (Fig. 1, 2-l~2-3) 

3) Subsect. Monticolarum H. Ito (Fig. 1, 3) 

4) Subsect. Pycnopteris H. Ito (Fig. 1, 1) 

2. Sect. Nephrocystis H. Ito (Figs 1, 6-l~6-3) 

4. Sect. Polysticho-drys H. Ito 

1) Subsect. Erythro-variae H. Ito (Fig. 1, 7-l~7-14) 

2) Subsect. Formosanae H. Ito (Fig. 1, 7-15) 

3) Subsect. Gymnosorae H. Ito (Fig. 1, 7-16) 

5. Sect. Lophodium C. Chr. 

1) Subsect. Austriacae H. Ito (Fig. 1, 4) 

According to the system of his classification, each Section and Subsection 
shows two types of species constitution; namely only normal species in some 
groups and apogamous and normal species in the other groups. Adjusting 
the groups which contained only normal species to his system, next four 
groups should be considered like this, those are Subsect. Dichasium and 
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Monticolarum of Sect. Eudryopteris, Sect. Nephrocystis and Subsect. Aust- 
riacae of Sect. Lophodium. The variation curves of them show inclinations 
and smaller differences between the maximum and the minimum size. On 
the other hand, apogamous species are contained in Subsect. Cycadinae and 
Pycnopteris of Sect. Eudryopteris and Sect. Polysticho-drys, especially in 
Subsect. Erythro-variae. Almost of all of apogamous species in Dryopteris 
are included in his Subsect. Erythro-variae in Japan. The variation curves 
of them show gentle slopes and wider ranges. These remarkable differences 
are detectable in spore characters between normal species and apogamous 
ones as well as between the former and the hybrids. Therefore, from the 
viewpoint of spore morphology, Ito’s system of Dryopteris seems a better 
one, but in this case there were some exceptions ( D. formosana and D. 
gymnosora ), so the author wishes to emphasize his grouping itself. 

It could be said that the apogamy (obligate one) would be easily indi¬ 
cated roughly without cytological experiment from the morphological cha¬ 
racters of young and matured spores. For example, it should be said that 
D. pacifica and D. sacrosancta might be triploidal apogamous species from the 
standpoint of spore morphology (variation curve, mean size and irregular 
division in sporogenesis). 
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Explanation of Plates XIV~XVII 

Figs. 1-9. Young spores from a sporangium. 1 and 7. D. fuscipes. 2 
and 5. D. sacrosancta. 3, 4, 6 and 8. D. hondoensis. 9. D. pacifica. 
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1. Two types of abortive spores. Four dwarf spores and one irregularly 
divided spore are seen (See arrows). x330. 

2-6. Irregularly dividing abortive spores. 2. Various sizes and shapes 
are seen (See arrows). x 330. 3. Many fragments of spores are seen near 
the spores from which they are redivided. x330. 4. Trilete like spores are 
seen (See arrows). In this photo, 33 spores from one sporangium are shown 
at a glance, but it seems that two smaller ones are produced by redivision 
of one spore, x 330. 5. Similar situation as 4. xl65. 6. Three tetrads which 

are forming smaller spores by irregular division (See arrows). x 330. 

7-9. Imperfectly divided spores. x660, respectively. 
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K. KanamORI : Spores of Dryopteris 



